
160 H. Winking, Beatrica Dulic and G. Bulfield

Evans, E. P. (1976): Male sterility and double heterozygosity for Robertsonian translocations in the

mouse. In: Chromosomes Today. Ed. by P. L. Pearson and K. R. Lewis. NewYork: Wiley and
Sons. Vol. 5, 75-81.

Ferris, S. D.; Sage, R. D.; Wilson, A. C. (1982): Evidence from mtDNA sequences that common
laboratory strains of inbred mice are descended from a single female. Nature 295, 163-165.

Gropp, A.; Tettenborn, U.; v. Lehmann, E. (1970): Chromosomenvariation vom Robertsonschen
Typus bei der Tabakmaus, M. poschiavinus und ihren Hybriden mit der Laboratoriumsmaus.
Cytogenetics 9, 9-23.

Gropp, A.; Winking, H.; Zech, L.; Müller, H. J. (1972): Robertsonian chromosomal Variation and
identification of metacentric chromosomes in feral mice. Chromosoma 30, 265-288.

Gropp, A.; Giers, D.; Kolbus, U. (1974): Trisomy in the fetal backcross progeny of male and female

metacentric heterozygotes of the mouse. Cytogenet. Cell Genet. 13, 511-535.

Gropp, A.; Winking, H. (1981): Robertsonian translocations: Cytology, meiosis, segregation

patterns and biological consequences of heterozygosity. Symp. Zool. Soc. Lond. 47, 141-181. In:

Biology of the House Mouse. Ed. by R. J. Berry. London, New York: Academic Press.

Gropp, A.; Winking, H.; Redi, C; Capanna, E.; Britton-Davidian, J.; Noack, G. (1982):

Robertsonian karyotype Variation in wild house mice from Rhaeto - Lombardia. Cytogenet. Cell

Genet. 34, 67-77.

Hübner, R. (1985): A Robertsonian translocation in wild house mice from Belgium. Mouse News
Letter 72, 116-117.

Lehmann, E. v.; Radbruch, A. (1977): Robertsonian translocations in Mus musculus from Sicily.

Experientia 33, 1025-1026.

Leonard, A.; Deknudt, G. H. (1967): A new marker for chromosome studies in the mouse. Nature,

Lond. 214, 504-505.

Marcus, M.; Nielsen, K.; Goitein, R.; Gropp, A. (1979): Pattern of condensation of mouse and
chinese hamster chromosomes in G2 and mitosis of 33258-Hoechst treated cells. Exp. Cell Res.

122, 191-201.

Matthey, R. (1966): Le polymorphisme chromosomique des Mus africains du sous-genre Leggada.

Revision generale portant sur l'analyse de 213 individus. Revue suisse Zool. 73, 585-607.

Miller, O. J.; Miller, D. A.; Tantravahi, R.; Dev, V. G. (1978): Nucleolus Organizer activity and
the origin of Robertsonian translocations. Cytogenet. Cell Genet. 20, 40-50.

Moriwaki, K.; Yonekawa, H.; Gotoh, O.; Minezawa, M.; Winking, H.; Gropp, A. (1984):

Implications of the genetic divergence between European wild mice with Robertsonian transloca-

tions from the viewpoint of mitochondrial DNA. Genet. Res., Camb. 43, 277-287.

Nesbitt, M. N.; Franke, U. (1973): A System of nomenclature for band patterns of mouse
chromosomes. Chromosoma 41, 145-158.

Orsini, P. Ph.; Bonhomme, F.; Britton-Davidian, J.; Croset, H.; Gerasimov, S.; Thaler, L.

(1983): The complex of species of genus Mus in Central and Oriental Europe. II. Criteria for

identification, distribution and ecological characteristics. Z. Säugetierkunde 48, 86-95.

Robinson, T. J. (1978): Preliminary report of a Robertsonian translocation in an isolated feral Mus
musculus population. Mamm.Chrom. Newsl. 19, 84-85.

Said, K.; Jacquart, T.; Montgelard, C; Sonjaya, H.; Helal, A. N.; Britton-Davidian, J.

(1986): Robertsonian house mouse populations in Tunesia: A karyological and biochemical study.

Genetica 68, 151-156.

Seabright, M. (1971): A rapid banding technique for human chromosomes. Lance« II, 971-972.

Searle, A. G.; Beechey, C. V.; Evans, E. P. (1978): Meiotic effects in chromosomally derived male

sterility of mice. Ann. Biol. Anim. Biochem. Biophys. 18, 391-398.

Searle, A. G.; Beechey, C. V. (1986): Map of structural changes. Mouse News Letter 75, 17.

Sen, S.; Sharma, T. (1980): Quantitative Variation of "Mus musculus-like" constitutive heterochroma-

tin and satellite DNA-sequences in the genus Mus. Choromosoma 81, 393-402.

Tettenborn, U.; Gropp, A. (1970): Meiotic non-disjunction in mice and mouse hybrids. Cytogene-

tics 9, 272-283.

Thaler, L.; Bonhomme, F.; Britton-Davidian, J. (1981): Process of speciation and semi-speciation

in the house mouse. Symp. Zool. Soc. Lond. 47, 27-41. In: Biology of the House Mouse. Ed. by
R. J. Berry. London, NewYork: Academic Press.

Thust, R.; Rönne, M. (1980): Localization of AT-clusters in normal mouse chromosomes by
netropsin prefixation treatment in vitro. Hereditas 93, 321-326.

Triman, K. L.; Davisson, M. T.; Roderick, T. H. (1975): A method for preparing chromosomes
from peripheral blood in the mouse. Cytogenet. Cell Genet. 15, 166-176.

White, M. J. D. (1978): Chain processes in chromosomal speciation. Syst. Zool. 27, 285-298.

Winking, H.; Nielsen, K.; Gropp, A. (1980): Variable positions of NORs in Mus musculus.

Cytogenet. Cell Genet. 26, 158-164.

Winking, H.; Gropp, A. (1983): Multimetacentric wild mouse (M. musculus domesticus) popula-

tions. Mouse News Letter 68, 75.

Yonekawa, H.; Moriwaki, K.; Gotoh, O.; Watanabe, J.; Hayashi, J.-L; Miyashita, N.; Petras,



Robertsoman karyotype Variation in the European house mouse 161

M. L.; Tagashira, Y. (1980): Relationship between laboratory mice and the subspecies Mus
musculus domesticus based on restriction endonuclease. Jap. J. Genet. 55, 289-296.

Zimmermann, K. (1949): Zur Kenntnis der mitteleuropäischen Hausmäuse. Zool. Jb. (Syst.) 78,

301-322.

Autbors' addresses: Dr. Heinz Winking, Institut für Biologie der Medizinischen Universität zu
Lübeck, Ratzeburger Allee 160, D-2400 Lübeck, FRG; Dr. Beatrica Dulic,
Institute of Biology, University of Zagreb, Rooseveltov Trg 6, YU-41000 Zag-
reb, Yugoslavia; Dr. Graham Bulfield, Institute of Animal Physiology and
Genetics Research, Edinburgh Research Station, Roslin, Midlothian, EH25 9PS,

Scotland



Z. Säugetierkunde 53 (1988) 162-169

© 1988 Verlag Paul Parey, Hamburg und Berlin

ISSN 0044-3468

Sex differences and seasonal Variation in habitat choice

in a high density population of Waterbuck,

Kobus ellipsiprymnus (Bovidae)

By P. Wirtz and Petra Kaiser

Institut für Biologie I, Albert-Ludwigs-Universität, Freiburg,

und Max-Planck- Institut für Verhaltensphysiologie, Seewiesen

Receipt of Ms. 19. 1. 1987

Abstract

Habitat use of waterbuck (Kobus ellipsiprymnus) was recorded during road transect counts in Lake
Nakuru National Park, Kenya. Waterbuck were encountered significantly more often in open
(riverine) forest and open grassland than expected from a random distribution through the available

habitat types. There were significant differences in habitat use by different age and sex classes, with the

lowest percent overlap (85 %) between adult females and young males. Seasonal differences in habitat

use correlated with rainfall: with increasing rainfall waterbuck moved into open grassland, during

periods of low rainfall waterbuck moved into open shrub.

Introduction

Waterbuck are antelopes the size of red deer; they occur throughout Africa south of the

Sahara (Dorst and Dandelot 1970; Haltenorth and Diller 1977). The two subspecies

Kobus ellipsiprymnus ellipsiprymnus and K. e. defassa interbreed in areas of geographical

overlap, e.g. Nairobi National Park, Kenya (Backhaus 1958; Kiley- Worthington
1965). Next to impala (cf. Leuthold 1977; Jarman 1979), waterbuck probably is the

antelope species studied most intensively (references in Spinage 1982 and Tomlinson
1980b, 1981; Melton 1983).

The population at Lake Nakuru National Park, Kenya, belongs to the subspecies K. e.

defassa. With an average of 30 waterbuck per km2
,

regionally up to 100/km 2
, Lake Nakuru

NP has by far the highest density recorded for waterbuck (Kutilek 1974; Wirtz 1978).

The high population density can be expected to have effects on the social behaviour of

the species. In three earlier publications (Wirtz 1981, 1982, 1983a) the social behaviour

was described. In the following we present data on habitat utilization and on how it varies

seasonally and between age and sex classes.

Study area

Lake Nakuru is a shallow alkaline lake at an altitude of 1760 min the eastern Rift Valley, about 130 km
northwest of Nairobi, Kenya. Lake Nakuru has become famous as "the lake of a million flamingoes";

up to 1.4 mill. flamingoes have been recorded there (Vareschi 1978). To protect the spectacular

avifauna of the lake and its shorelines, the area was declared a bird sanctuary and later a National Park.

A Vegetation map of the park is given by Wirtz (1982, fig. 1). Open grassland is dominated by
Cynodon dactylon, Themeda triandra, Chloris gayana, and species of Andropogon and Hyparrhenia;

near the lake shore the soda-resistant Sporobolus spicatus is abundant. Open and dense shrub is formed
by patches of Tarchonantus camphoratus, Lantana trifolia, and Pluchea ovalis. Open and dense

forestes are formed by Acacia xanthophloea, Olea africana and other Acacia species (all species

identifications based on Curry-Lindahl [1971] and Kagumaho Kakuyo [1980]). Both study years
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were exceptionally wet years compared to long term means (Kutilek 1975); see fig. 2 for monthly

rainfall values.

The density and biomass of the larger mammals has been described by Kutilek (1974) and Wirtz
(1978, 1983b). A checklist including the rarer species was given by Wirtz (1979) and the group size

frequencies of the eight most common antelope species was described by Wirtz and Lörscher
(1983). Waterbuck are the dominant larger mammal species in terms of numbers and in terms of

biomass.

Material and methods

Field work lasted for 25 months, from November 1977 to December 1979. At the beginning of each

month, all roads and tracks of the park were followed with a Landrover. Whenever an individual or a

group of Waterhuck was seen, the sex and age class of all members of the group and the habitat were

noted on a dictaphone. A definition of the age and sex classes used (calves, subadult females, adult

females, juvenile males, young males, adult males) is given in Wirtz (1982). Any Waterhuck which

could not be assigned to one of the age and sex classes (e.g. because it was partially hidden by the

Vegetation) was called "unidentified". Counts were made from 7.00 am to 9.30 am and not during

heavy rainfall; it took five to seven days to cover the whole park.

The total length of the strip counted in this way was 114 km. Strip width differed according to

Vegetation. During three of the counts, the distance from the road to each group of Waterhuck was
estimated, which gives the average sight distance in the different types of habitat. To determine the

relative areas of the different habitat types, a separate count was made: While driving the Landrover at

a constant speed of 20 mph, the type of habitat to the left and to the right was noted every 2 seconds.

The proportion of each habitat along the counting strip multiplied with the average sight distance gives

a measurement of the relative sizes of the areas: Table 1.

Table 1. Relative size of the different types of habitat along the counted transect

habitat type proportion along the counting average sighting relative size of counting

strip (% of records) distance (m) area (% of total)

open grass 33.39 107.89 53.46

dense shrub 12.67 22.83 4.29

open shrub 31.86 57.67 27.27

dense forest 5.03 30.00 2.24

open forest 14.15 45.21 9.50

others 2.90 75.17 3.24

For most of the variables described in the "Results' section, we have used the data for a

"representative year" from August 1978 to July 1979 (n = 3017 groups, cumulative number of animals

recorded 17064).

Results

Population composition and an estimate of the variance produced by the counting

method

Table 2 shows the average population composition for the year August 1978 to July 1979.

About a third of the population consisted of adult females. The sex ratio of adult and

subadult animals was not significantly different from 1:1 (50.7% c?c?:49.3% 99;

Table 2. Population composition (annual mean)

adult

males

young
males

juvenile

males

adult

females

subadult

females

calves unidentified

n seen in the 12 counts 3253 3068 987 5353 1830 1055 1518

% (mean of the

monthly percentages)
19.1 18.0 5.8 31.4 10.7 6.2 8.8
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Fig. 1. Monthly Variation in the number of calves per hundred adult females

p>0.2, t-test). The sex ratio of adult animals was 1:1.6 (SS: 99). The percentage of

calves in the population varied from 2.9 (June) to 9.7 (December); fig. 1 shows the

numbers of calves per hundred adult females during the course of the year.

Howaccurate are the monthly counts? A second count was begun immediately after the

first one in June 1979 and in September 1979. Table 3 compares the results. Even though

Table 3. Comparison of the results of two consecutive counts

(percent of each a£ ;e class in the total)

adult

males

young
males

juvenile

males

adult

females

subadult

females

calves unidentified n
animals

June 79-A
June 79-B

19.4

19.3

18.6

21.8

6.5

7.5

35.0

31.5

10.9

11.0

2.9

4.1

6.7

4.9

1576

1282

Sept. 79-A
Sept. 79-B

16.0

16.2

23.4

17.6

5.5

4.1

34.6

38.8

8.2

9.5

5.9

6.8

6.4

7.1

1571

1629

the absolute number of animals counted during the first and second count can differ by as

much as 300, the percentage of each age class in the total was very similar in the two counts

made during the same month. The counting procedure apparently gives well-reproducible

results.

Habitat utilization

General pattern

Table 4 compares the relative frequencies of habitat types availabe (from table 1) and the

proportions of Waterhuck counted in them during the 12 months. Most of the habitat

covered during the counts consisted of open grassland and most Waterhuck were seen in

open grassland. However, Waterhuck were not evenly distributed throughout the available

habitat types: a larger proportion of Waterhuck was seen in open grassland than expected

for an even distribution (p< 0.001, chi-square test).
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Table 4. Habitat availability and the proportion of Waterhuck seen in the different types of habitat

open
grass

open
shrub

dense

shrub

open
forest

dense

forest

others

proportion of animals

counted (n= 17064)
57.2 21.4 4.5 15.5 0.7 1.0

relative size of area 53.5 27.3 4.3 9.5 2.2 3.2

Age and sex specific trends

There were sex differences and age differences in the distribution of Waterhuck: Table 5.

The distribution of each age class differs with p< 0.001 from an even distribution

through the available habitat types (chi-square test). A considerably larger proportion of

adult males was seen in open grassland than expected for an even distribution (compare

Table 5. Percentage of different age classes and sexes in the different types of habitat (annual

mean)

adult

males

young
males

juvenile

males

adult

females

subadult

females

calves unidentified

open grass 64.56 59.21 50.99 50.55 51.78 56.88 69.40

open shrub 19.27 26.38 29.74 20.11 20.15 17.68 19.94

dense shrub 2.54 2.56 5.05 5.92 5.11 4.02 3.88

open forest 12.50 11.03 13.18 20.58 20.45 19.57 6.10

dense forest 0.49 0.27 0.49 1.32 0.73 0.96 0.27

others 0.65 0.56 0.56 1.52 1.79 0.89 0.41

n animals 3253 3068 987 5353 1830 1055 1518

with lower part of table 4). In contrast, adult females were seen in open grassland less often

than expected and in open forest much more often than expected. The difference in

distribution pattern of adult males and adult females is significant with p< 0.001 (chi-

square test).

A comparison of the different age classes shows how the sex-specific distribution

pattern becomes more pronounced from calf to adult animal. Calves (which remain hidden

during the first two to four weeks of their life; Spinage 1982) were seen in open shrub and

open forest more often than expected for an even distribution. The distribution of subadult

females has shifted to an even stronger preoponderance in open shrub and open forest

(comparison with calves: 0.10p <p< 0.05, chi-square test). Compared to subadult fema-

les, adult females were found more often in dense shrub and approximately equally often in

open shrub and open forest (0.2 < p<0.1). The distribution patterns of calves, juvenile

males, young males, and adult males differ significantly (p< 0.001) in each comparison:

with increasing age the males change from open forest, dense shrub and open shrub to

open grassland.

A numerical expression of similarity (or difference) in habitat utilization is given in the

percent overlap. For each class, the proportion using the different habitat types is

calculated (i.e. table 5); then the lower of the two percentages of the classes that are

compared is summed over all habitat types to give the percent overlap. Table 6 shows the

results: the highest overlap in habitat use (98.5 %) was between adult females and subadult

females, the lowest overlap (85.1 %) was between adult females and young males. The
average overlap in habitat use of classes belonging to the same sex (92.5 %) is higher than

the average overlap of classes belonging to a different sex (87.5 %).
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Table 6. Percent overlap in habitat use

adult young juvenile adult subadult calves

males males males females females

adult males 100

young males 92.9 100

juvenile males 86.8 91.8 100

adult females 86.0 85.1 89.9 100

subadult females 87.2 86.3 90.4 98.5 100

calves 90.7 89.0 86.9 93.7 94.7 100

Seasonal Variation

From month to month, there could be large differences in the proportion of Waterhuck

counted in the same habitat. Fig. 2 illustrates this by showing the percentage of adult

females counted in open grass and in open shrub from August 1978 to July 1979; between

60

60-

4 0

20-

0

1501

WO-

50-

% of an im als
• open grassland

x open shrub

ra in fall [mm]

Aug 76 Sept Oct Nov Dec Jan 79 Feb Mar Apr May June July

Fig. 2. Monthly Variation in the percentage of adult females in open grassland and in open shrub and

monthly Variation in rainfall

7 % and 30 % of the adult females were counted in open shrub and between 41 % and

66 %in open grassland. For a total of 15 months, there were data on rainfall and on habitat

use (habitat was unfortunately not recorded during all of the road strip counts). Rainfall

and habitat use correlate in the following way: there was a negative correlation between the

amount of rain falling in a month and the percentage of animals counted in open shrub

(p<0.05 for all animals and for adult females alone, Spearman rank test); there was a

positive correlation between the amount of rain falling and the percentage of animals

counted in open grassland (0.1 > p>0.05 for all animals and p<0.05 for adult females

alone, Spearman rank test); there was no discernible correlation between the amount of

rain falling in a month and the percentage of animals counted in dense shrub, dense forest,
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and open forest. With decreasing rainfall the proportion of Waterhuck counted in open

grass decreased and the proportion of Waterhuck counted in open shrub increased. Note
that the second Statement is not a necessary consequence of the first Statement but a

separate finding: animals leaving open grass areas could have dispersed into several other

types of habitat. With increasing rainfall Waterhuck moved from open shrub to open

grassland, with decreasing rainfall Waterhuck moved from open grassland to open shrub.

There is no definite calving season in Nakuru Waterhuck; newborn calves were seen

throughout the year. The percentage of calves counted did, however, increase sharply

during July to September (fig. 1). Wetested whether adult females, in any month, changed

habitat use in a different direction than did adult males. While there were differences in the

degree of change in habitat use, the directions of shift of adult females and of adult males

resembled each other and corresponded to the pattern shown in fig. 2.

Discussion

Waterbuck depend on permanent access to water; they almost completely lack the ability

to reduce water loss in response to a shortage of water (Taylor et al. 1969) and they tend

to occur close to areas where water is readily available (e.g. van Lavieren and Esser 1979;

Spinage 1982; Sinclair 1985). In Nakuru National Park nearly all areas covered during

the counts, including "open grassland", were within three kilometres' distance to water

and most of the "open forest" was forest along rivers draining into Lake Nakuru. Due to

the exceptional amounts of rain during the study period, the waterholes were always füll.

Waterbuck groups are open groups; they continuously change their size and composi-

tion. From a group in, for instance, open grassland some animals may wander off into

adjacent forest, while others from nearby open shrub may join those in grassland.

Individuais apparently make an independent choice and the number of animals (instead of

the number of groups) in a certain habitat has therefore been used as a measure of habitat

utilization.

Statements on habitat use of Waterhuck in the literature are sometimes based on the

proportion of animals seen in different types of habitat but without relating these

proportions to the relative areas available (e.g. Spinage 1982). In the most extensive study

of antelope-habitat relationships, Hirst (1975) showed that the Waterhuck of the Transvaal

lowveld (South Africa) occured in riverine gallery forest more often than expected for an

even distribution through available habitat types. No preference for open grassland was

indicated in Hirst's study. Caution must be used in the Interpretation of such differences

between study areas because the nature of the habitat described with the same name may
differ in subtle ways which are nevertheless important to the animals. Whereas most of the

Nakuru grassland was close to water, the grassland in Hirst's study area may not have

been. Jarman (1972) and Sinclair (1985) also found a preference of Waterhuck for riverine

forest and for grassland in the Zambezi valley and in Masai Mara National Park.

Different visibility of the different age classes may have affected the counts and the

apparent age differences could be an artefact. However, only for calves is this likely to be

true: in dense habitat calves are more likely to be overlooked than larger animals and this

may have resulted in an overestimate of the proportion of calves in open habitat.

Weassume that the pattern of habitat use shown by the animals is adaptive, i.e. that

animals using certain habitat types at a given time have a higher chance of survival and/or

reproductive success. Food, predation and climate are the factors most likely to be of

importance (but see Peek et al. 1976 for an example of the influence of parasites).

Differences in habitat utilization between age and sex classes can be due to differences in

their requirements and/or to different action of external variables. Seasonal differences can

be due to changes in requirements and/or changes in external variables.


